This paper aims to propose a novel improved complex shock filter for image enhancement of real time transformer oil images. An improved theoretical equation was introduced for the analysis in order to normalize the complex diffusion shock filter. This was accomplished through multiplying each term of complex shock filter by scalar correction constant to crumbling into three cases of improved complex shock filter. The results of all the cases are validated using image performance metrics such as Mean Square Error (MSE), Peak Signal to Noise Ratio (PSNR) and Similar Structure Index Mean (SSIM).Through this study, it was found that the proposed noise elimination method can be effectively used for synthetic as well as real time transformer oil images without affecting the structure of the object. The findings of this research may serve as a new filtering technique for the analysis of an image.
INTRODUCTION
Transformer is a static device used transfer energy from one voltage level to other with a constant frequency and power. Performance of this continuously working equipment is based on the insulation and cooling characteristics. In general, mineral oil from crude petroleum used as dielectric as well as cooling medium in all the power transformers [1] [2] [3] . Gases produced and dissolved in the transformer oil due to operation of transformer at various temperatures for different loads minimize the cooling as well as insulation efficiency. Hence transformer oil chemical, structural and thermal characteristics are to be monitored to improve the effectiveness performance of the transformer [4] [5] [6] . There are many time-consuming classical methods are available to measure the performance of transformer oil. The digital image processing is an emerging non-destructive method for diagnosis of internal faults occurred transformer [7, 8] .
A picture with two dimensions representing individual/distinct features such as structure, shape, texture and colour etc. is termed as an image [9] [10] [11] . Digital images of transformer oil captured through digital camera are associated with different noise due to inadequate illumination levels as well as natural or forced convection movement of oil. There are numerous linear and nonlinear filters exists in the literature for denoising and edge preservation of the images. Shock filter is best suited for transformer oil images since it operates at different temperatures in addition to abrupt variation of temperature of oil. Firstly, the shock filter proposed by Kramer and Bruckner [12] based on dilation process near a maximum and erosion near minimum. The introduction of original shock filter in [13] is very sensible and cannot remove noise. Many authors proposed diffusion schemes in shock filter such as smoothed Laplacian [14] , while Gilboa, et al. [15] normalize the shock in complex domain.
In this paper a novel improved complex shock filter is proposed and tested its performance with the synthetic in addition to real transformer oil images. The objective of this paper to enhance the transformer oil images captured at different temperatures through improved complex shock filter. The visual and numerical results of the proposed method is compared with other image filtering enhancement techniques such as median, wiener, shock along with complex shock filter. Numerical results are validated through image quality evaluation metrics such as MSE, PSNR and SSIM [16] [17] [18] .
This paper is organized as follows: section 2 introduces the shock filter along with complex diffusion shock filter, section 3 describes the proposed method, section 4 furnishes the comprehensive experimental results and discussions, and in section 5 the conclusion of the paper presented.
SHOCK FILTER
Original Shock Filters (OSF) are morphological image enhancement techniques which processes each pixel of an image using Partial Differential Equations (PDE). The term shock filtering introduced by Osher and Rudin [13] based on hyperbolic PDE. In general, 1D (one-dimensional) shock filter described by PDEs:
where, I represent the image. I and I represent first and the second directional derivatives of the image I respectively. Function F must satisfy F (0) = 0, F(s) sign(s) ≥0. Equation In the 2D (two-dimensional) case the shock filter equation is commonly generalized to:
where, η is direction of gradient |∇I|. OSF used in image processing enhancement to remove blurs edges in the image. But they are exceptionally sensitive to noise signal that is any noise in the blurred signal will be enhanced. A blur edge steep input signal and its OSF output is as shown in Figure 1 (a) -1(b). Similarly, the noisy edge input signal along with OSF output is characterized in Figure  1 (c) -1(d) respectively. The output of OSF is not completely enhanced with noisy steep blur edge input signal but when the input signal is steep blur edge input an unambiguously enhancement can be observed Figure 1 The noise in the blurred input signal is not completely removed using OSF. The advance in formulation of PDEs is developed to eliminate the difficulties in classical shock filter. Gilboa et al. [15] combined shock and diffusion in their work to form complex diffusion shock filter (CSF). The PDE equation for 2D image with nonlinear complex diffusion approach has of the form
where, λ= re iɵ is a complex scalar, λ is a real scalar, ɵ ϵ (-π 2 , π 2 ) is the phase angle, Im represents imaginary and parameter a control the sharpness of the slope near zero. The gradient norm |∇I| in equation (3) and (4) is computed using a slope limiter minmod function in order to minimize the sudden signal variations [19] .
PROPOSED METHOD
The transformer oil subjected to variation in temperature during the operation of in service transformer. Image captured at different temperatures are enhanced using different filters. Since the removal of undesirable information is not completely achieved by Classical filters as well as the OSF or CSF, the novel Improved CSF is proposed in this paper to enhance the digital transformer oil image obtained at different temperature. The CSF defined in eq. 4 is modified for the theoretical analysis by multiplying each term of this equation with real scalar correction constant C. The performance of this novel Improved Complex Shock Filter (ICSF) are validated by comparing the results obtained by ICSF with the results of median, wiener, OSF and CSF. Eq. (4) develop into three different cases as:
Case 2:
Case 3:
It =C(− 2 arctan(aIm( ))|∇I|)+λIηη+̃Iεε (7) All three cases of the filter possess new variable C in addition to the all the variables of Eq. 4. In case 1, the quantity of diffusion in intensity set direction altered by multiplying C with the last term having λIεε. In case 2, C is multiplied with the middle term containing λ Iηη to adjust the complex diffusion term intended for removal of noise. In case 3, the false inflection points produced by noise are accustomed by multiplying C with first term having trigonometric tan function. The results of each case tabulated in table1 for the values of C=0.2, 0.4, 0.6 and 0.8. Figure 2 describes the flowchart of proposed method. 
EXPERIMENTAL RESULTS AND DISCUSSIONS
In this section, the experimental results of proposed method on both synthetic images and real transformer oil images, and compare experimental results of proposed method with other image enhancement methods. The performance of proposed method along with other image enhancement filtering techniques is evaluated using image quality metrics such as MSE, PSNR and SSIM.
Performance on synthetic images
In this part, the visual plus numerical results obtained on three classical synthetic images: Lena, baboon, peppers are established. Figure 3 presents the gray image, the denoised images obtained in all three cases of proposed ICSF method with real scalar correction constant C=0.2 in addition to other filtering methods like shock as well as complex shock filter. Further to enumerate the performance, the results obtained with proposed ICSF are compared with conventional median and wiener filtering methods in addition to OSF as well as CSF. The filtered images obtain with ICSF method with case2/C=0.2appear to be smoothed with a better edge and shape preservation compared with the other methods. Figure  4 shows the gray image, resultant synthetic images obtained from median, wiener, OSF, CSF and ICSF/case2/C=0.2 filtering methods. To quantify the denoising qualities, first three columns of Table 1 present the numerical results for classical synthetic images. The performance criterion used is MSE, PSNR and SSIM. It can be observed that the proposed ICSF method has low MSE, high PSNR & on the brink of unity SSIM. 
Performance on transformer oil images
Further, the performance of the proposed ICSF method tested on transformer oil images and comparison of results are made with the median, wiener, shock and complex shock filtering methods. To denoise, real scalar correction constant C introduced in proposed ICSF method whose values ranges between 0.1-0.8. In this paper, C values of 0.2, 0.4, 0.6 and 0.8 are considered in all the three cases (Eq. (5) to Eq. (7)). Table 1 that the values of MSE, PSNR and SSIM are low, high and unity respectively in case 2 with C=0.2 of proposed ICSF filter.
CONCLUSIONS
This paper presents a novel ICSF method for transformer oil images which are captured at different temperatures. This method involves three different cases i.e., each term of CSF equation multiplied with real scalar constant to evolve three different cases of ICSF method. Experiments were performed on synthetic as well as real transformer oil images. The visual as well as numerical results of ICSF method of all three cases are checked for all the images. ICSF method furnish superior results for all the images in case2 with C=0.2. The results of all the images are validated using image performance quality metrics such as MSE, PSNR and SSIM. The visual as well as numerical results shows ICSF method provide better performance when compared with median, wiener, OSF in addition to CSF filter. Finally, this paper concludes the proposed filtering method performance is optimal compared to other classical state of the art filtering methods. Further this proposed filter can be used for segmentation, feature extraction of an image. 
